Introduction
The use of plastic bottles throughout the world is on the increase [1] [2] [3] [4] . Both the creation and the recycling procedures of plastic bottles are detrimental to the environment [5] [6] [7] [8] [9] . Plastics do not decompose naturally and so alternative methods need to be implemented, in order to recycle the plastic material.
The performance of road surfaces can be improved by modifying bitumen [10] [11] [12] [13] [14] [15] [16] [17] [18] . There are numerous modifiers that can be used to improve the properties of road surfaces, but most of these are virgin materials. Virgin materials are difficult to find and are uneconomical when used as a modifier [19] .
Therefore using waste plastic bottles as modifier in road surfaces can potentially help reduce material wastage and improve the performance of road surfaces at the same time [20] [21] [22] [23] [24] .
History of using polymer in asphalt
Synthetic and natural polymers have been used in asphalt as a modifier as early as 1843. In the 1930s the project was underway in Europe and North America began to use rubber latex in 1950s.
Europe was using modified asphalts ahead of the United States which were limited to use PMA because of its high expenses in the late 1970s [25, 26] . In the mid-1980s, US began to use new developed polymers and European technologies. Currently in Australia, polymer modified binders is included in the guides and specifications of National Asphalt Specification [26] .
In the survey of state departments of transportation in 1997, 47
states of US reported that in the near future they would be using 
The benefits of using polymer in asphalt
Bitumen is one of the viscoelastic materials and the only deformable element of pavement and has a very important role in pavement performance [27] . Bitumen has a good adhesion and cohesion with aggregates therefore it has been used for roofing and paving purposes [27] [28] [29] [30] [31] [32] .
One of the most important properties of the bituminous mixture is its stability. The optimum stability is the one that can handle the traffic requirements sufficiently. If the stability is lower than the traffic demand, it will cause shoving and flow of the road surface [33] . To prevent a pavement from rutting the flow should be low. Flow can be considered as a property that reduces the stability
In hot climates rutting and in cold climates cracking are related to the sensitivity of the asphalt pavement to the temperature variation and the traffic load [35] . If the tire pressure, volume of heavy vehicles and traffic increases, a higher performance pavement will be needed which requires a bitumen with low susceptibility to temperature changes and has high adhesion to aggregates Some improvements in asphalt properties have been gained by selecting the proper starting crude, or tailoring the refinery processes used to make asphalt. Unfortunately, there are only a few crudes that can produce very good asphalts, and only a limited number of actions that can be taken to control the refining process to make improved asphalts [27] . The next step taken by the industry was to modify the asphalt. Air blowing makes asphalt harder [36] [37] [38] . Fluxing agents or diluent oils are sometimes used to soften the asphalt. Another method that can significantly improve asphalt quality is the addition of polymers [27] . TOSCO (the Oil Shale Many polymers have been used as binder modifiers, and they can be classified into five groups. Table 1 presents a summary of these polymers and their advantages and disadvantages as asphalt modifiers [27] The polymers used to modify bitumen can be divided in two classes, elastomers and plastomers. Plastomers include polyethylene and various compounds based on polyethylene and ethylene vinyl acetate [57] [58] [59] [60] . At normal temperature, these polymers can increase the stiffness of bitumen and provide a mix with high viscosity. Depending on the polymer, high shear mixing may be needed [57] .
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